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Introduction
There is interest in estimating the radar cross section (RCS) of a small balloon in the far-field. The balloon can be modeled as a thin dielectric spherical shell. Accurate approximations have been derived, but they are computationally complex. 1 A simpler solution is to model the balloon as two thin parallel dielectric plates. The reflection coefficients of the plates can be estimated using the Fresnel equations. The RCS can be calculated using algebra and the theory of superposition.
Theory
The high frequency RCS of a thin dielectric spherical shell in the far-field of a source is calculated using a simple model and classical results from electromagnetic theory. The spherical shell is modeled as two thin dielectric plates separated by the diameter of the sphere. A visualization of the model is shown in figure 1 . The antenna transmits electromagnetic radiation towards the two plates and then receives the returned signal. The index of refraction of the air is n 1 and the index of refraction of the plates is n 2 . The inner radius of the sphere is r and the thickness of the dielectric wall is d. The RCS of each plate can be estimated using the high-frequency RCS approximation of a conducting sphere given by Ruck. 2 All the preceding calculations are scaled to the RCS calculated using equation 1. The reflection coefficient at the walls can be calculated using the Fresnel equations. For an E-field parallel or perpendicular to the plane of incidence at an angle of 0°, the parallel and perpendicular reflection coefficients are given by
The transmission coefficients for the parallel and perpendicular components of the E-field are given by Hecht and Zajac: 3
In a thin film, multiple reflections occur between the boundaries, which are summed together to produce an E-field given by
where E 0 is the initial electric field at the boundary of the plate,  is the frequency, t is time, and j is an imaginary number. 4 Based upon the theory of superposition, the total electric field returned from the two films is
Summing these two signals creates an interference pattern as a function of frequency. Since the signal reflected by the thin films is very small, multiple bounces between the wall 1 and wall 2 are ignored.
3
Simulation
The RCS of a balloon with a diameter of 1 m and a dielectric constant representing latex was calculated using equations 1-5 and results from a simulation based upon a paper by Andreasen. 1 The dielectric constant was assumed to be real and have no attenuation effects. Table 1 shows the values of the parameters used in the simulation. The code for the two plate model was written in Matlab and is listed in appendix A. The code for the model based upon Andreasen's paper was written in Mathematica and is listed in appendix B. Figure 2 shows the estimated RCS of the balloon as a function of frequency, where "2 plate" in legend denotes the two plate model and "Andreasen" denotes the results calculated using Andreasen's method. The RCS calculated using the two models are in reasonable agreement and the frequency of the interference patterns matches closely. As the frequency is increased, the RCS trends higher. This is because the effective reflection coefficients for the two plates are smaller at lower frequencies. The multiple bounces in the dielectric film cancel better at lower frequencies. The RCS of a perfectly conducting sphere of the same size has a RCS of approximately -1 dBsm, which is much larger than the estimated RCS of the balloon. 
Conclusion
A model was developed to estimate the high-frequency RCS of a dielectric spherical shell. The model is based upon approximating the shell with two thin parallel dielectric plates. The model was used to estimate the RCS of a balloon with a 1-m diameter. The results were in reasonable agreement with a method developed by Andreasen. The RCS of a balloon with a 1-m diameter was determined to be much smaller than the RCS conducting sphere with the same dimensions for the frequencies of interest. For many scenarios, the RCS of a balloon can be considered negligible.
